where sex/gender differences have been described. A significant body of epidemiological evidence suggests that CVDs are less prevalent in women than men until midlife, and the female advantage in younger women has been attributed to estrogens, which are lost with menopause (1, 2) . Since the earliest event in the onset of atherosclerosis and CVDs is endothelial dysfunction, i.e. a reduced release of nitric oxide coupled with an increase in reactive oxygen species in the vascular wall (3, 4) , many studies have been focused on endothelium, showing a protective role for estrogens in both in vivo and in vitro models (5, 6) where estrogens are able to improve endothelial cell (EC) functions mainly through their ability of increasing transcription and activation of the endothelial Nitric Oxide Synthase (eNOS) (7) (8) (9) .
To better study the influence of estrogens on metabolic properties of ECs, we started some pilot experiments in human umbilical vein ECs (HUVECs) by using an addback approach typically adopted to assess in vitro hormone biological activities.
Essentially, in these reconstitution experiments, sex hormones are added to cells cultured in nominally hormone-free media consisting of phenol-red free media supplemented with charcoal-stripped (CS) serum. Phenol red is avoided due to its estrogenic activity (10) while the stripping procedure depletes the concentration of steroid hormones in serum (11, 12) . Surprisingly, when we compared HUVECs cultured in standard condition or in the hormone-free medium, we found that cells stop to grow in the absence of hormones, and neither 17-β2 estradiol (E2) nor dihydrotestosterone (DHT) reversed this effect. In addition, the presence of CS serum abrogated the ability of HUVECs to sprout in a 3-dimensional (3-D) spheroid assay, thus affecting a distinctive property of ECs. Our results Therefore, caution should be used in interpreting results when ECs are studied in CS serum-containing media.
Materials and methods

Cell cultures
HUVECs were isolated from freshly derived umbilical cords by collagenase digestion as described by Jaffe et al. (13) . Cells were routinely grown in 199 medium supplemented with 20% fetal bovine serum (FBS), 25 µg/ml endothelial cell growth supplement (ECGS), and 50 µg/ml heparin, and used at passages 1-3. ECGS is an extract of bovine neural tissue containing growth factors for mammalian ECs (Sigma Aldrich, product number E2759). Notably, we always used HUVECs pooled from two or more donors to minimize the variability associated with cells derived from a single newborn donor. Umbilical cords were donated anonymously after informed consent according to national ethical legislation. Charcoal stripping of FBS was performed following standard protocols (11). All the experiments were performed on cells plated on 0.1% gelatin-coated surfaces. When sex hormones were tested, a corresponding concentration of vehicle (ethanol) was added to control samples.
Cell metabolism assays
Cell metabolism was assessed by the MTT tetrazolium reduction assay and by measuring the total cellular ATP with a CellTiter-Glo ® Luminescent assay (Promega). All assays were performed according to the manufacturer's instructions on HUVECs plated at a density of 2x10 4 cells/well in 96-well microplates. Optical density at 570 nm (for MTT) and luminescence (for ATP) were measured by using a multi-plate spectrophotometer (Victor™, PerkinElmer). All the experiments were run in triplicate.
Evaluation of cell number and viability
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Three-dimensional (3-D) spheroid sprouting assay
EC spheroids of a defined cell number were embedded into collagen gels in the presence of 25 ng/ml VEGF as previously described (14, 15). Spheroid-containing gels were incubated at 37°C in 5% CO 2 , and 24 h later images were acquired with a phase-contrast microscope (10x objective magnification, Olympus U-CMAD3) equipped with an Olympus digital camera. In-gel angiogenesis was quantified by measuring the number and length of all of the capillary-like sprouts originating from individual spheroids using the National
Institute of Health (NIH) Image J program. At least 10 randomly selected spheroids per experimental group were measured in each experiment.
Reagents and Antibodies
All tissue culture reagents were from Euroclone SpA except FBS (PAA Laboratories), ECGS and heparin (Sigma Aldrich). Charcoal, dextran T-70, MTT, trypan blue and methylcellulose (product number M0512) were from Sigma Aldrich; rat tail collagen I from Serva; recombinant human VEGF 165 from Peprotech; E2 and DHT from Cayman Chemical.
Statistical procedures
Unless otherwise indicated, data are the mean ± s.e.m of at least 3 independent experiments. Statistical significance was determined by unpaired Student's t-test or oneway analysis of variance (ANOVA) followed by Bonferroni's multiple comparison test using the GraphPad Prism version 5.00 software.
Results
Effects of hormone deprivation on metabolic activity and cell number
A crucial issue in endothelial patho-physiology concerns estrogens and their involvement in the sex-related incidence of cardiovascular pathologies (1, 2 In the absence of estrogens, MTT absorbance (Fig. 1A) and ATP levels (Fig. 1B) were significantly reduced in comparison to SM. To elucidate if decreases in MTT and ATP were merely dependent on a failure in metabolic activity or were vice versa consequent to a reduced cell growth, the number of HUVECs in the different experimental conditions was measured and a significant reduction in cells cultured in ChM was found (Fig. 1C) .
However, the loss in cell number did not depend on ChM-induced apoptosis and/or necrosis. Their quantification by annexin V-conjugated FITC and PI staining followed by FACS analysis did not show any significant difference neither in the apoptotic index nor in the percentage of necrotic cells (Fig. 1D) .
Sex hormones do not reverse the decrease in metabolic activity and cell number
By using an add-back approach, we tested if estrogens were able to counteract the inhibitory effects observed in HUVECs cultured in ChM. The addition of 17-β2 estradiol (E2, 1 nM) for the last 48h of incubation left unaffected the ChM-induced decrease in MTT absorbance ( Fig. 2A) . Super imposable results were obtained by measuring the total cellular ATP (Fig. 2B ) and the number of cells (Fig. 2C) . Since the stripping procedure removes sex hormones other than E2 from serum, we checked the effect of ChM supplementation with dihydrotestosterone (DHT, 1 nM) and found that it did not reverse the decrease in MTT absorbance (Fig. 2D) . Likewise, the simultaneous addition of E2 and DHT (both at a 1 nM concentration) left unaffected the reduced MTT absorbance (Fig.   2D ). Also the treatment with higher concentrations of E2 and/or DHT (10 nM) did not modify these results (data not shown). On the contrary, HUVECs were able to fully recover their metabolic activity when SM was added instead of hormones for the last 48h of incubation ( Fig. 2E ). All together, these results demonstrate that HUVECs underwent a significant decrease in cell number (and consequently in metabolic activity) without any apparent cell death when cultured in a phenol red-free medium supplemented with CS-FBS. Importantly, this reduction was independent of the presence of E2 and/or DHT regardless of the described expression of their receptors in HUVECs (16).
Effects of CS-FBS on metabolic activity and cell number
Our results suggest that the decrease in metabolic activity and cell number observed in HUVECs cultured in ChM was not related to the lack of sex hormones. Moreover, since
HUVECs cultured in 199 medium w/out phenol red supplemented with 10% normal FBS (SM w/out phenol red) did not show any difference in MTT absorbance when compared to HUVECs grown in SM (Fig. 3A) , we also excluded the involvement of phenol red and of its estrogenic properties (10). Consequently, we focused our attention on FBS by comparing cells grown in SM with cells cultured in 199 medium containing phenol red and 10% CS-FBS (ChM w/phenol red). Importantly, we submit to the stripping procedure exactly the same lot of serum present in SM. Therefore, in this experimental setting, HUVECs were exposed to growth media that differ only for FBS components. The presence of CS-FBS was sufficient to induce a significant decrease in cell number ( Fig. 3B ) and MTT absorbance ( Fig. 3C) . Again, the addition of E2 (1 nM) did not counteract the loss in MTT and ATP induced by CS-FBS (Fig. 3D) . Similarly, DHT was unable to reverse the MTT inhibition observed in the presence of CS-FBS when added alone or in combination with E2
(data not shown). Results obtained with ChM w/phenol red suggest that one or more substances removed from FBS by stripping procedure and different from sex hormones are crucially required for HUVEC growth.
Effect of CS-FBS on in vitro angiogenesis
Among growth factors, Vascular Endothelial Growth Factor (VEGF) and basic Fibroblast
Growth Factor (bFGF) are critically involved in EC physiology, being able to induce their growth, migration and in vitro differentiation (17). We therefore tested if VEGF (20 ng/ml) and bFGF (20 ng/ml) were able to reverse the inhibitory effect of CS-FBS. The decrease in
MTT was however maintained in the presence of the growth factors (Fig. 4A) , thus suggesting that neither VEGF nor bFGF were the substance(s) lost in CS-FBS crucially 
Discussion
We started our experiments with the aim of studying the regulatory role of estrogens on metabolic properties in human ECs. But we found that HUVECs underwent a significant 
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